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A B S T R A C T
Loss of genetic integrity can occur during the long-term conservation of seeds. We have studied these eﬀects in
seeds of rice (Oryza sativa L.) and common bean (Phaseolus vulgaris L.) exposed to accelerated aging (elevated
temperature and moisture) conditions. Tests of ﬁrst count, germination, and germination speed index were
performed to measure physiological quality; cytogenetic tests and comet assay were used to evaluate genetic
integrity. With aging, we observed a decrease in mitotic index and an increase in the frequency of chromosomal
alterations in root cells of imbibed seeds, as well as increased DNA damage (comet assay) in dry and imbibed
seed embryos of both species. The comet assay can be a useful technique for measuring genetic integrity in seed
conservation programs.
1. Introduction
Seed storage is the most important way to conserve agricultural
genetic resources for long periods at relatively low cost [1]. Monitoring
of genetic integrity is fundamental for reliable conservation, to ensure
that alleles are not lost. Monitoring has been performed on seeds after
regeneration or multiplication, using various molecular markers [2–4].
Along with physiological and biochemical evidence, genetic in-
tegrity data on stored seeds can be used to improve gene bank man-
agement [5]. Early detection of seed deterioration may allow re-
generation of accessions to be planned before reduction in viability
leads to loss of genotypes. Since loss of genetic integrity is one of the
initial stages in seed deterioration [6], improved methods to evaluate
DNA damage could contribute to monitoring of genetic integrity and
viability of seeds stored in gene banks.
Treatments that simulate natural aging have been used as a pre-
dictor of seed vigor and longevity and for studying mechanisms of loss
of vigor during storage [7]. Accelerated aging (exposure to stress con-
ditions for brief periods) causes rapid reduction of germination power
in seed lots [8]. This test has been successfully used to predict the be-
havior of economically important seeds during storage [9–12].
Rice (Oryza sativa L., Poaceae family) and common bean (Phaseolus
vulgaris L., Fabaceae family) are major components of the typical
Brazilian diet [13] and large collections of germplasm of both species
have been established. There are few reports on the use of techniques to
measure genetic integrity in artiﬁcially aged rice [14,15] and bean
seeds [16,17] for conservation purposes.
We have evaluated the genetic integrity of artiﬁcially aged seeds
lots of rice and bean, using cytogenetic tests and the comet assay.
2. Materials and methods
2.1. Plant material
Four accessions, two of O. sativa (Formoso and Primavera) and two
of P. vulgaris (GF003 and GF007), were obtained from the Active Bank
of Rice and Bean Germplasm (Embrapa Rice and Beans, Santo Antônio
de Goiás, Goiás state, Brazil). The seeds were maintained in a climate-
controlled drying chamber (20 °C and 15% of relative humidity [RH],
constant) until tests were performed.
2.2. Evaluation of physiological quality
2.2.1. Accelerated aging test
Prior tests were performed before the accelerated aging test to de-
termine the best conditions (such as temperature, days of accelerated
aging and need for previous imbibition) to obtain diﬀerent lots of aged
seeds. The accelerated aging test was performed according to Marcos
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Filho [18], with modiﬁcations. The test was run in 11× 11×3.5 cm
transparent plastic boxes in which 200 rice and bean seeds were dis-
tributed on a screen suspended inside the boxes, which contained 40mL
water. The boxes were kept in a biochemical oxygen demand chamber
at 45 °C for 40, 72, 96, or 120 h for rice seeds and for 24, 48, 72, or 96 h
for bean seeds. Seeds that were not exposed to the accelerated aging
protocol were used as negative controls.
The bean seeds were pre-imbibed in paper bags at 25 °C for 48 h in a
Mangelsdorf germinator, before the accelerated aging test. This proce-
dure was performed to allow the seeds to acquire suﬃcient water
content to permit aging; pre-imbibition of rice seeds was not necessary.
Aged seeds (100) from each treatment of all accessions were used to
estimate germination, ﬁrst count and germination speed indices.
Another 100 aged seeds were dried to about 15% moisture for one
month and then stored in a hermetically closed aluminum envelope,
which was kept in a waiting chamber at 10 °C and 30% RH, until the
cytogenetic tests and comet assay were performed to evaluate genetic
integrity.
2.2.2. Germination and ﬁrst count tests
The germination test was performed following recommendations
from the Rules for Seed Analysis [Regras para Análise de Sementes]
[19], with an adaptation as regards the number of seeds used. Four
repetitions of 25 seeds (n=4) from each treatment of all rice and bean
accessions were sown on germination paper, which was rolled and
moistened with distilled water in proportion of 2.5× the mass of the
dry paper. The paper rolls were kept in a germinator at 25 °C. The
percentages of normal seedlings were evaluated on the fourteenth day
(rice) or the ninth day (bean) after sowing. The results are expressed as
mean % of repetitions. The ﬁrst count test was performed on the ﬁfth
day after sowing for both species, according to Brasil [19].
2.2.3. Germination speed index
The normal seedlings were counted on alternate days, from the ﬁfth
day after sowing until the stabilization of counts, which occurred at the
end of the germination test. The germination speed index (GSI) was the
arithmetical mean of the four repetitions, determined in accordance
with the formula proposed by Maguirre [20].
2.3. Evaluation of genetic integrity
2.3.1. Cytogenetic tests
Seeds (20) from each treatment of all rice and bean accessions were
sown on germination paper, moistened with distilled water, in the
proportion of 2.5 mL/g of dry paper, to obtain roots for use in the cy-
togenetic tests. The seeds were kept in the germinator at 25 °C until
roots reached 1–2 cm length (rice) and 1–3 cm (bean). The roots were
ﬁxed in Carnoy solution (ethanol/glacial acetic acid - 3:1 v/v) and
stored in 70% ethanol until slide preparation. As negative controls,
seeds not exposed to accelerated aging were used. Rice and bean seeds
that had been immersed in methyl methanesulfonate (MMS), 15 mg/L,
for 4 and 24 h, respectively, were used as positive controls [21].
The slides were prepared according to the method adapted for rice
and bean by Dantas et al. [21]. Roots were washed in distilled water for
5min, hydrolyzed in hydrochloric acid (5 N) for 35min (rice) or 25min
(bean), and washed again in distilled water for 2min. The roots were
then placed on the slides, and the meristematic region was cut and
stained with acetic orcein, 2%, for 25min. The meristematic region was
covered with a coverslip and evaluated under an optical microscope
(1000×).
At least 4000 cells were analyzed per treatment (n=4). The para-
meters used to characterize the treatments were mitotic index (MI) and
frequency of chromosomal alterations (CAs). For analysis of CAs,
chromosome lagging, misalignment in metaphase, chromosomal frag-
ments and bridges were evaluated. The evaluation of the slides was
done in a blind test.
2.3.2. Comet assay
The comet assay (single cell gel electrophoresis) was performed
with non-imbibed and imbibed rice and bean seeds. The non-imbibed
seeds were used to analyze genotoxic eﬀects and the imbibed seeds
were used to measure DNA repair. Rice and bean seeds were placed on
germination paper moistened with distilled water in the proportion of
2.5 × the mass of the dry paper, in a germinator at 25 °C for 9 and 17 h.
Cell suspensions were obtained according to Dantas et al. [21]. Seed
embryos (10) from each treatment were collected and divided equally
into 2mL tubes containing 0.25 (rice) or 0.5 mL (bean) cold saline
phosphate buﬀer. The embryos were then macerated and left for at least
1 h in a refrigerator. The supernatant was used to carry out the comet
assay. The negative controls consisted of rice and bean seeds not ex-
posed to accelerated aging. Seeds were immersed in MMS, 10mg/L, for
24 h for the positive control.
Cell suspension (15 μL) of each treatment were mixed with low-
melting-point agarose (0.8%, 85 μL) at 45 °C and then arranged on
slides with pre-applied normal-melting-point agarose (0.5%). Next, the
slides were covered immediately with a coverslip, placed on a metal
sheet and taken ﬁrst to the cooler and then to the refrigerator for 10min
each. After the agarose gel had solidiﬁed, the coverslips were removed
and the slides immersed in a TBE buﬀer solution (45mM Tris-borate,
1 mM EDTA, pH 8.4) containing 2.5% sodium dodecyl sulfate for
30min. After lysis, the slides were transferred to an electrophoresis
cube containing TBE buﬀer solution and left to rest for 5min before an
electrophoresis run at 0.5 V/cm for 2min. Next, the slides were dipped
in ice-cold distilled water for 10min, dried at room temperature and
kept in a refrigerator until staining, which was performed with ethi-
dium bromide (20 μg/mL, 50 μL). The slides were analyzed under a
ﬂuorescence microscope (400×), using 546 nm excitation and 590 nm
emission ﬁlters. All the stages were performed under weak or yellow
light. Two slides were made for each group of both species, and at least
20 nucleoids were analyzed per slide [n=2 per group (total of 4
slides)], as suggested by Dehon et al. [22]. The evaluation of the nu-
cleoids was done using the Comet Assay IV software, version 4.3.1, and
tail intensity was the parameter chosen to measure DNA damage.
2.4. Statistical analysis
Comparisons between negative and positive controls in the cyto-
genetic tests and comet assay were done by the unpaired t-test. The
other analyses for multiple comparisons (≥3 groups) were performed
by means of one-way ANOVA followed by Tukey test. The data analysis
was done using GraphPad Prism software, version 5.00, with sig-
niﬁcance levels of p < 0.05.
3. Results and discussion
3.1. Physiological quality
The results of evaluation of physiological quality are presented in
Table 1. Signiﬁcant reductions in the percentage of normal seedlings in
the ﬁrst count were observed in both rice accessions after 72 h of ac-
celerated aging. A signiﬁcant reduction in the GSI was observed only in
Primavera at 96 and 120 h, and no signiﬁcant reduction was observed
in the germination test for both accessions. Bean accessions GF003 and
GF007 showed similar behavior with regard to the eﬀects of accelerated
aging. In both cases, there were signiﬁcant reductions in the percentage
of seedlings in the ﬁrst count, germination and GSI, but only at 72 and
96 h of accelerated aging.
The aim of the physiological tests was to obtain rice and bean lots
with diﬀerent degrees of aging, including some that had not diﬀered in
germination. Once those materials had been obtained, lots were eval-
uated using cytogenetic tests and comet assay to identify diﬀerences.
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3.2. Genetic integrity
3.2.1. Cytogenetic tests
The parameters analyzed in the cytogenetic tests (MI and CAs) are
presented in Table 2. The CAs observed were chromosome lagging,
misalignment in metaphase, chromosomal fragments and bridges
(Fig. 1). These alterations are often observed in meristematic root cells
[23]. The total frequencies of CAs varied from none, in the negative
control of rice accession Formoso, to 0.347% in the positive control of
bean accession GF007. Previous studies have observed CAs such as
disturbed spindle in metaphase, stickiness, chromosome lagging,
chromosomal fragments and bridges in meristematic root cells of rice
[24–27] and bean [28]. However, only the study by Wei et al. [26]
could be used to compare the CAs frequencies, since those authors used
similar criteria to those used in the present study, such as 1 cm roots,
and obtaining the total frequency by dividing the observed CAs number
by the total number of cells analyzed. The total frequencies of CAs
(chromosome lagging, chromosomal fragments and bridges) found by
Wei et al. [26] in rice seed exposed to heavy ions and spaceﬂight ranged
from 0 to 0.191%, which is similar to our results for rice, since the CAs
found were the same, except for the misalignment in metaphase.
The use of the positive control has been recommended for the
evaluation of CAs in plant meristematic cells to determine the eﬃciency
of the test and for comparative purposes [29]. MMS serves as a good
positive control for both bean accessions due to signiﬁcant increase in
the frequency of CAs and signiﬁcant reduction of MI. No signiﬁcant
increase of total CAs percentage was observed in rice seeds exposed to
MMS, probably due to the signiﬁcant decrease in MI, since cell division
is required for the evaluation of CAs in the meristematic cells of plant
roots [23].
The observed diﬀerence in MMS eﬀects may be associated with
exposure time, since the bean accessions were exposed to the MMS for a
longer time than the rice accessions. The concentration and exposure
times in MMS were based on the results found by Dantas et al. [21],
which showed a signiﬁcant decrease in MI only at 15mg/L for 24 h in
the two bean accessions evaluated, including GF007. Dantas et al. [21]
demonstrated that MMS at this same concentration for 4 h signiﬁcantly
reduced MI in the two rice accessions evaluated, including Primavera.
There was a signiﬁcant increase in total CAs in the root cells of
imbibed seeds only up to the penultimate aging time of rice accession
Formoso (96 h) and of bean accession GF003 (72 h) compared to con-
trols. Studies have demonstrated a relationship between nuclear
anomalies and the reduction of viability and vigor in seeds treated with
accelerated aging [30–32]. Unrepaired DNA damage in seeds can delay
the changes needed for germination to occur, eventually leading to
dysfunction and cell death [8].
The MI decreased signiﬁcantly in the rice and beans root cells of
imbibed seeds only at the longest aging time tested (120 h, rice; 96 h,
bean). Signiﬁcant cytogenetic damage was found only in the last aging
times, when notable reductions of viability and/or vigor were seen
(Tables 1 and 2). The process of seed deterioration principally decreases
cell division and, consequently, MI, reducing vigor and, in advanced
deterioration stages, reducing germination rates [32].
A signiﬁcant reduction in MI occurred later than the increase in CAs
in rice accession Formoso and in bean accession GF003, suggesting that
the accumulation of CAs occasioned by accelerated aging precedes the
decline in MI, demonstrating the need for cells to be in division before
CAs (evaluated in the present study) can occur. Although chromosomal
alterations can give rise to irreversible damage, most CAs can be re-
paired [33]; this probably occurred in these studies, since no signiﬁcant
diﬀerences were found among the aging times.
3.2.2. Comet assay
The mean tail intensities observed in each sample of each accession
in 0, 9 and 17 h of imbibition are presented in Table 3. The tail in-
tensities varied from 14.4% in the control of bean accession GF007 to
37.7% in accession GF003 after 96 h of aging. Proﬁles of nucleoids are
shown in Fig. 2.
Except in bean accession GF003 after 17 h of imbibition, the nega-
tive control values of all accessions of both species were<20%, within
the limits recommended by Lovell and Omori [34]. The lower germi-
nation of accession GF003 than of GF007 (Table 1) may have con-
tributed to the fact that the tail intensity values of accession GF003
nucleoid were above the recommended value, because double-strand
breaks in the DNA, which can be detected by the comet assay [35], can
limit germination [36].
A signiﬁcant increase to 30.5% in tail intensity was observed in
MMS treated rice and beans samples. MMS has been used in seed
meristematic root cells as a positive control in studies of herbicide ef-
fects [37,38] and to compare the results of the comet assay in plants
with results for human cells [39]. Dantas et al. [21] demonstrated the
use of MMS as a positive control in rice and bean embryos.
The comparison among samples imbibed of 0, 9 and 17 h, in gen-
eral, showed a reduction in tail intensity; the maximum reduction was
reached at 17 h of imbibition. The imbibition of the seeds happens in
three classical phases: I - characterized by the rapid absorption of water;
II - plateau phase, characterized by a period of low water absorption;
and III - in which embryo elongation occurs, rupture of the layers that
cover it; increased water consumption [40,41]. Initiation of transcrip-
tion and translation, and the repair and synthesis of DNA, happens in
Phase II [42]. DNA repair genes are highly expressed after 3 h of im-
bibition in Arabidopsis thaliana [43], between 8–12 h in Medicago trun-
catula Gaertn. [44], and at 12 h in Hordeum vulgare L. [36]. The re-
duction of tail intensity suggests that the comet assay was useful for
monitoring DNA damage in the rice and bean seeds.
The tail intensity of nucleoids also increased with aging time
(Table 3). The GF003 aged samples had comet tail intensity ranging
from 24.1 to 37.7 at 24 and 96 h of aging, respectively, in the same
imbibition time (0 h). The same patterns were observed with accessions
GF007, Formoso and Primavera. The increase in DNA damage as the
aging time increases has also been reported in Pisum sativum L., Lathyrus
pratensis L., Cytisus scoparius L. and Quercus robur L. [45] based on DNA
laddering, and in Helianthus annuus L. [46], Silene vulgaris (Moench)
Table 1
Number of normal seedlings obtained in the ﬁrst count, end of germination test
(%) and germination speed index (GSI) of rice and bean seeds submitted to
accelerated aging. The data are represented by means ± SD (n=4).
Accessions Aging
time (h)
First count (%) Germination test
(%)
GSI
Formoso 0 51.00 ± 10.52a 84.00 ± 5.65a 3.48 ± 0.14a
40 50.00 ± 8.32a 80.00 ± 4.61a 3.41 ± 0.07a
72 32.00 ± 4.61b 85.00 ± 5.03a 3.20 ± 0.22a,b
96 1.00 ± 2.00c 87.00 ± 8.24a 2.72 ± 0.38b,c
120 0c 87.00 ± 3.83a 2.63 ± 0.14c
Primavera 0 33.00 ± 8.86a 93.00 ± 3.83a 3.47 ± 0.32a
40 28.00 ± 6.53a,b 84.00 ± 7.30a 3.15 ± 0.29a
72 23.00 ± 5.03a,b,c 86.00 ± 5.16a 3.13 ± 0.03a
96 18.00 ± 6.92b,c 81.00 ± 7.57a 2.94 ± 0.50a
120 11.00 ± 3.83c 80.00 ± 8.64a 2.82 ± 0.33a
GF003 0 68.00 ± 12.65a 86.00 ± 5.16ª 4.01 ± 0.36a
24 71.67 ± 10.41ª 80.00 ± 10.00a 3.85 ± 0.50a
48 46.00 ± 11.55a,b 68.00 ± 8.64a 3.05 ± 0.44a
72 29.00 ± 8.86b,c 40.00 ± 5.65b 1.81 ± 0.32b
96 17.00 ± 12.81c 20.00 ± 11.78c 0.94 ± 0.60b
GF007 0 95.00 ± 2.00a 99.00 ± 2.00a 4.89 ± 0.00a
24 98.00 ± 4.00ª 98.00 ± 4.00a 4.90 ± 0.20a
48 92.00 ± 7.30a 95.00 ± 3.83a 4.69 ± 0.25a
72 77.00 ± 6.00b 85.00 ± 3.83b 4.13 ± 0.17b
96 40.00 ± 6.53c 45.00 ± 6.83c 2.17 ± 0.31c
a,b,cLetters represent statistically signiﬁcant diﬀerence (p < 0.05) between the
groups.
One-way ANOVA followed by Tukey test.
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Table 2
Mitotic index and chromosomal alterations (%) evaluated in meristematic root cells of accessions of rice and bean submitted to both controls and to the accelerated
aging test. The data are represented by means ± SD (n=4).
Groups Mitotic index Chromosomal Alterations
Chromosome lagging Misalignment in metaphase Fragments Bridges Total Frequency
Formoso
Control1 6.685 ± 1.263ª 0a 0a 0a 0a 0a
MMS2 3.248 ± 2.128* 0.024 ± 0.049 0.024 ± 0.049 0.024 ± 0.049 0.049 ± 0.099 0.124 ± 0.189
40 h 5.980 ± 0.770a,b 0.024 ± 0.049a 0a 0a 0a 0.024 ± 0.049a,b
72 h 6.415 ± 1.530a,b 0.047 ± 0.055a 0.048 ± 0.056a 0.024 ± 0.049a,b 0.070 ± 0.070a 0.192 ± 0.109a,b
96 h 6.435 ± 2.056a,b 0.067 ± 0.045a 0.046 ± 0.053a 0.069 ± 0.046b 0.021 ± 0.042a 0.204 ± 0.101b
120 h 3.675 ± 0.581b 0.049 ± 0.057a 0.049 ± 0.057a 0a 0.047 ± 0.055a 0.146 ± 0.127a,b
Primavera
Control 8.388 ± 0.392a 0a 0.049 ± 0.099a 0a 0a 0.049 ± 0.099a
MMS2 4.915 ± 0.328*** 0.137 ± 0.044 0.021 ± 0.042 0.044 ± 0.050 0 0.203 ± 0.123
40 h 6.615 ± 1.053a,b 0.024 ± 0.048a 0a 0.022 ± 0.045a 0.022 ± 0.045a 0.069 ± 0.087a
72 h 6.418 ± 1.285a,b 0.021 ± 0.042a 0.024 ± 0.048a 0a 0.021 ± 0.042a 0.066 ± 0.081a
96 h 6.278 ± 0.998a,b 0.091 ± 0.073a 0.022 ± 0.045a 0a 0a 0.113 ± 0.086a
120 h 5.983 ± 1.152b 0.043 ± 0.086a 0.024 ± 0.049a 0a 0a 0.068 ± 0.084a
GF003
Control 8.563 ± 0.742a 0.023 ± 0.047a 0.047 ± 0.055a 0a 0a 0.071 ± 0.047a
MMS3 5.978 ± 0.496** 0.173 ± 0.061** 0.065 ± 0.044 0.022 ± 0.044 0.066 ± 0.133 0.328 ± 0.080**
24 h 6.540 ± 0.836a,b 0.089 ± 0.076a,b 0.110 ± 0.040a 0a 0a 0.199 ± 0.084a,b
48 h 5.620 ± 2.180a,b 0.043 ± 0.050a,b 0.064 ± 0.085a 0.020 ± 0.040a 0.020 ± 0.040a,b 0.148 ± 0.136a,b
72 h 5.538 ± 0.666a,b 0.182 ± 0.085b 0.061 ± 0.075a 0.019 ± 0.038a 0.060 ± 0.040b 0.323 ± 0.158b
96 h 4.558 ± 2.866b 0.043 ± 0.086a,b 0a 0a 0a 0.043 ± 0.086a
GF007
Control 9.358 ± 0.905a 0.024 ± 0.049a 0.024 ± 0.049a 0a 0a 0.049 ± 0.056a
MMS3 6.810 ± 1.103* 0.141 ± 0.068* 0.165 ± 0.163 0 0.040 ± 0.046 0.347 ± 0.162*
24 h 7.970 ± 1.338a,b 0.072 ± 0.048a 0.095 ± 0.074a 0.025 ± 0.050a 0a 0.192 ± 0.108a
48 h 7.330 ± 1.130a,b 0.160 ± 0.044a 0.045 ± 0.053a 0.022 ± 0.044a 0.022 ± 0.044a 0.251 ± 0.131a
72 h 6.723 ± 1.486a,b 0.070 ± 0.047a 0.093 ± 0.108a 0a 0a 0.164 ± 0.140a
96 h 6.070 ± 1.509b 0.090 ± 0.104a 0.068 ± 0.045a 0a 0.043 ± 0.050a 0.202 ± 0.132a
a,b,c – Letters represent statistically signiﬁcant diﬀerence (p < 0.05) between the groups. One-way ANOVA followed by Tukey test. Asterisks represent signiﬁcant
diﬀerences between control and MMS groups (p < 0.05*, p < 0.01** and p < 0.001***) evaluated by unpaired t-test.
1 Control= non-aged seeds.
2 MMS=non-aged seeds immersed in 15mg/L of methyl methanesulfonate for 4 h.
3 MMS=non-aged seeds immersed in 15mg/L of methyl methanesulfonate for 24 h.
Fig. 1. Proﬁles of chromosomal alterations observed in meristematic root cells of rice and bean in the present study. Arrows indicate: A) and B) chromosome lagging
in rice accession Primavera and bean accession GF003 exposed to methyl methanesulfonate (15mg/L for 4 h) and 72 h of accelerated aging, respectively. C) and D)
misalignment in metaphase in rice accession Formoso and bean accession GF003 exposed to 120 and 24 h of accelerated aging, respectively. E) chromosomal bridge
in bean accession GF007 exposed to 24 h of accelerated aging. F) chromosomal fragments in metaphase in bean accession GF007 exposed to 24 h of accelerated aging.
Magniﬁcation 1000×.
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Garke and Silene acaulis (L.) Jacq. [47] using random ampliﬁed poly-
morphic DNA (RAPD).
Some seed lots showed the capacity to repair the damage after being
imbibed. Accessions Primavera and GF003 showed signiﬁcant increases
in % tail intensity in the longer aging times (72, 96 and 120 h for rice
and 48, 72 and 96 h for bean) before imbibition and, when imbibed,
only the last two aging times showed signiﬁcant increases in the per-
centage of tail intensity in relation to the negative control. This may be
due to repair capacity of the lots. DNA repair ability in artiﬁcially aged
seeds as they are imbibed has also been reported in seeds of P. sativum
[48] and Glycine max (L.) Merr. [49], with germination rate of 85% and
70%, respectively. These values of germination are close to those found
in the present study (86% for accession Primavera that was aged for
72 h and 68% for accession GF003 aged for 48 h), supporting the hy-
pothesis that DNA was repaired in these lots.
DNA repair was not observed in accessions Formoso and GF007
aging lots when they were imbibed. The lack of diﬀerentiation between
aged seeds has also been reported in other species. Kranner et al. [48]
found no correlation between aging time and level of degradation when
they analyzed dried seeds of P. sativum that were aged for three dif-
ferent aging times. Lopes [49] failed to observe DNA deterioration of a
G. max cultivar when the assay was done in agarose gels, but it could be
detected when DNA was analyzed using RAPD. Vijay et al. [50] did not
obtain uniformity in their results with non-aged, artiﬁcially and natu-
rally aged seeds of G. max and Carthamus tinctorius L.
The comet assay is a sensitive technique for detection of DNA da-
mage; it is relatively low-cost and requires a small number of samples
and a fairly short period of time (some days) to complete an experiment
[51]. Although there has been a report of the inﬂuence of DNA strand
breaks on germination and on vigor of artiﬁcially aged seeds [43], until
now there have been no reports on the use of the comet assay in aged
seeds. We have conﬁrmed its potential for evaluating genetic integrity
and eﬀectiveness of repair in aged seeds. Although the comet assay was
used in this study for cultivated plant species, it can be applied to other
plant seeds and in various organisms, tissues and cell types [52],
especially because cell proliferation is not needed, allowing it to be
performed in almost any eukaryotic organism [53].
4. Conclusion
Accelerated seed aging causes inhibition of the mitotic index, and an
increase in chromosomal alterations and DNA fragmentation in acces-
sions of rice and bean. These data demonstrate the potential of mea-
suring tail intensity as a comet assay parameter in seed conservation
programs. The use of these tools, together with the accelerated aging
test, may help in the monitoring of accessions during storage for long
periods, identifying the loss of their genetic integrity and, consequently,
preventing reductions in their viability and vigor.
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Table 3
Mean tail intensity (%) of nucleoids of rice and bean seeds before and after the
accelerated aging treatments. The data are represented by means ± SD.
Groups Tail intensity (%)
0 h 9 h 17 h
Formoso
Control1 18.333 ± 0.319a,A 18.255 ± 0.958a,A 19.677 ± 0.872ab,A
MMS2 28.907 ± 0.917** – –
40 h 19.891 ± 1.692a,A 20.530 ± 0.654a,A 16.049 ± 2.616a,A
72 h 25.319 ± 4.399a,A 21.574 ± 0.639ab,A 25.484 ± 0.077bc,A
96 h 28.014 ± 0.073a,A 26.312 ± 1.363bc,A 30.520 ± 1.097c,A
120 h 28.348 ± 3.204a,A 28.273 ± 2.587c,A 28.768 ± 3.001c,A
Primavera
Control 17.975 ± 0.513a,A 17.973 ± 0.956a,A 15.203 ± 0.046a,B
MMS 28.920 ± 3.519* – –
40 h 23.547 ± 1.928ab,A 19.438 ± 1.035a,AB 16.893 ± 1.035a,B
72 h 29.464 ± 2.239bc,A 21.845 ± 3.030ab,AB 17.279 ± 1.923ab,B
96 h 30.536 ± 4.418bc,A 28.065 ± 3.353bc,A 24.638 ± 3.307bc,A
120 h 36.227 ± 0.237c,A 32.267 ± 0.207c,AB 28.108 ± 2.599c,B
GF003
Control 19.660 ± 0.181a,A 19.560 ± 1.500a,A 20.019 ± 0.396a,A
MMS 30.067 ± 1.392** – –
24 h 24.181 ± 2.538a,A 19.550 ± 2.137a,A 16.482 ± 1.254a,A
48 h 31.059 ± 1.222b,A 27.304 ± 2.757b,AB 20.834 ± 0.475a,B
72 h 31.795 ± 1.588b,A 28.995 ± 0.557b,A 27.481 ± 0.898b,A
96 h 37.673 ± 2.855b,A 29.759 ± 1.432b,A 29.720 ± 2.526b,A
GF007
Control 18.947 ± 2.814a,A 19.750 ± 2.089a,A 19.306 ± 0.144a,A
MMS 34.355 ± 0.301* – –
24 h 22.282 ± 3.913ab,A 22.178 ± 1.036ab,A 20.281 ± 2.123ab,A
48 h 25.112 ± 0.275abc,A 18.087 ± 2.566a,A 18.948 ± 3.914a,A
72 h 28.328 ± 1.095bc,A 28.889 ± 2.671bc,A 25.343 ± 0.123ab,A
96 h 32.605 ± 1.215c,A 33.058 ± 0.362c,A 28.906 ± 2.086b,A
n=2 per group (total of 4 slides).
Lowercase letters in columns and uppercase letter in rows represent statistically
signiﬁcant diﬀerences (p < 0.05) between the groups (One-way ANOVA fol-
lowed by Tukey test). Asterisks represent signiﬁcant diﬀerences between ne-
gative control and positive control groups (p < 0.05* and p < 0.01**) eval-
uated by unpaired t-test.
1 Control= non-aged seeds.
2 MMS=non-aged seeds immersed in 10mg/L of methyl methanesulfonate
for 24 h. – not performed.
Fig. 2. Proﬁles of nucleoids observed in artiﬁcially aged seeds of rice and bean in the present study. A) nucleoid of rice accession Primavera after 96 h of accelerated
aging and non-imbibed. B) nucleoid of bean accession GF007 after 24 h of accelerated aging and non-imbibed. Magniﬁcation 400×.
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